failed to directly examine whether CVD risk is elevated when obesity is unaccompanied by these cardiometabolic disturbances. Instead, most published studies used statistical adjustment to account for the effects of metabolic status. In addition, despite that abdominal obesity is known to confer greater risk of CVD than BMI-measured obesity, very few prior studies have addressed whether abdominal obesity is associated with increased risk of CVD even when it is unaccompanied by the cardiometabolic abnormalities thought to result from it. Therefore, the purpose of this study was to evaluate the independent effects of abdominal obesity and cardiometabolic abnormalities on the risk for incident CVD. Three large population-based cohort studies of men and women were pooled to obtain sufficient sample size and numbers of incident CVD events to assess the risk of CVD associated with obesity in those with and without cardiometabolic abnormalities, and to statistically evaluate whether metabolic status modifies the association between obesity and incident CVD. It remains unclear whether abdominal obesity increases cardiovascular disease (CVD) risk independent of the metabolic abnormalities that often accompany it. Therefore, the objective of this study was to evaluate the independent effects of abdominal obesity vs. metabolic syndrome and diabetes on the risk for incident coronary heart disease (CHD) and stroke. The Framingham Offspring, Atherosclerosis Risk in Communities, and Cardiovascular Health studies were pooled to assess the independent effects of abdominal obesity (waist circumference >102 cm for men and >88 cm for women) vs. metabolic syndrome (excluding the waist circumference criterion) and diabetes on risk for incident CHD and stroke in 20,298 men and women aged ≥45 years. The average follow-up was 8.3 (s.d. 1.9) years. There were 1,766 CVD events. After adjustment for demographic factors, smoking, alcohol intake, number of metabolic syndrome components, and diabetes, abdominal obesity was not significantly associated with an increased risk of CVD (hazard ratio (HR) (95% confidence interval): 1.09 (0.98, 1.20) ). However, after adjustment for demographics, smoking, alcohol intake, and abdominal obesity, having 1-2 metabolic syndrome components, the metabolic syndrome and diabetes were each associated with a significantly increased risk of CVD (2. (14) (15) (16) .
Pooling of the three longitudinal databases resulted in a data set with 26,744 individuals. Exclusion criteria from the pooled data set included missing age information or baseline age <45 years (total n = 2,277; missing = 1,198; <45 years = 1,079); BMI values in the underweight range (<18.5 kg/m 2 ; n = 163); missing data on waist circumference (n = 85); history of CVD (coronary heart disease (CHD), stroke, and peripheral vascular disease in all studies and heart failure for CHS and the FOS cohorts) at study baseline for ARIC and CHS, and at the original study baseline or at any time between baseline and the 4th follow-up visit for the FOS (n = 3,158); missing data on the four-level metabolic obesity variable (n = 273), and reported fasting <8 h before the study visit (n = 490), leaving data from 20,298 individuals for these analyses.
Blood pressure, anthropometrics, and questionnaire data For each of the three studies, blood pressure was measured in the seated position after a short rest period and averaged across two readings. BMI was calculated as the weight in kilograms divided by height in meters squared, and categorized as normal weight (BMI <25 kg/m . Waist circumference was measured at the level of the umbilicus while the participant was standing, among all three studies. Abdominal obesity was defined as waist circumference >102 cm for men and >88 cm for women. Smoking and alcohol intake were assessed by questionnaire in each study. As the amount of alcohol consumed was not assessed identically across studies, participants were coded as current drinkers or not.
Laboratory measurements
Blood samples were obtained after an ≥8-h fast in each study. Laboratory methods have been previously reported for all three studies (17) (18) (19) (20) (21) (22) . Of relevance to these analyses, glucose was measured in serum with a Kodak Ektachem E-700 (Eastman Kodak, Rochester, NY) among CHS participants and by a hexokinase/glucose-6-phosphate dehydrogenase method among ARIC participants, and in plasma with a hexokinase reagent kit (A-gent glucose test; Abbott, South Pasadena, CA) among FOS participants. In all three studies, plasma triglycerides and high-density lipoprotein-cholesterol were measured enzymatically (high-density lipoprotein-cholesterol after precipitation of low-and very-lowdensity lipoproteins with dextran sulfate-magnesium ions sulfate).
Metabolic syndrome and diabetes definitions
Metabolic syndrome components were defined according to the National Cholesterol Education Program's Adult Treatment Panel III (ATP III) revised recommendations (23): (i) fasting serum or plasma glucose ≥100 mg/dl, (ii) fasting serum triglycerides ≥150 mg/ dl, (iii) fasting serum high-density lipoprotein-cholesterol <40 mg/dl for men and <50 mg/dl for women, and (iv) systolic/diastolic blood pressure ≥130/85 mm Hg or self-reported use of antihypertensive medications. The waist circumference criterion was not included as a metabolic syndrome component as it was used to define obesity.
Diabetes was defined as a fasting serum or plasma glucose ≥126 mg/ dl or self-reported use of antidiabetes medications. Participants were categorized into one of four metabolic abnormality groups: (i) no metabolic syndrome components or diabetes ("normal" metabolism), (ii) 1-2 metabolic syndrome components and no diabetes (1-2 components), (iii) ≥3 metabolic syndrome components and no diabetes (metabolic syndrome), and (iv) diabetes (diabetes).
cVd event ascertainment and follow-up time determination To ensure consistency of event reporting across the three studies, these analyses are limited to probable and definite fatal and nonfatal CHD and stroke. In all three studies, CHD was defined as myocardial infarction, silent myocardial infarction, or CHD death and stroke included both hemorrhagic and ischemic subtypes. Event ascertainment has been previously reported for all studies (24) (25) (26) (27) . Briefly, each study obtained medical record data through chart abstraction for use in event classification, and utilized an adjudication committee to determine final event classification. Among all three studies, data abstracted for CHD determination included cardiac pain, electrocardiogram findings, and cardiac enzymes, and for stroke determination neurological evaluations, imaging studies, and pathology reports. Specific algorithms for event determination were similar, though not identical for all three studies, with the exception of myocardial infarction determination, for which CHS adopted the ARIC protocol identically.
As each of the three studies varied in the length of available follow-up, these analyses are limited to 9 years of follow-up to ensure adequate sample size throughout. Follow-up time for analyses of CVD (CHD and stroke considered together) was calculated as the time between the baseline visit (visit 4 for the FOS) and the first CHD or stroke event, or between the baseline visit and the last known contact with the participant for those without events.
statistical methods
The distributions of demographic, anthropometric, and laboratory variables were compared across both abdominal obesity and metabolic status groupings using χ 2 -tests for categorical variables and KruskalWallis or Mann-Whitney U tests for continuous variables. Failure curves were generated using the Kaplan-Meier method for the eight metabolic categories (i.e., abdominal obesity crossclassified by metabolic abnormality grouping).
After initial adjustment for demographic factors, smoking status, and alcohol intake, the independent effects of abdominal obesity and metabolic status on the risks of CVD, CHD, and stroke were examined by further adjustment of the Cox proportional hazard ratios (HRs) associated with abdominal obesity for metabolic status grouping; and further adjustment of the Cox proportional HRs associated with metabolic status grouping for abdominal obesity. A two-stage approach was used for all Cox proportional hazards regression modeling. First, study-specific HRs and 95% confidence intervals of each outcome were calculated. Pooled HRs were then calculated by combining the study-specific HRs, weighted by the inverse of their variance, using a random effects model. For CHD event analyses, individuals whose first event was a stroke were censored at the time of their stroke, whereas for stroke analyses, individuals whose first event was a CHD event were censored at the time of their CHD event. There were two cases where a CHD event and stroke event occurred on the same day, and these individuals were counted only once in total CVD analyses. Statistical interactions between abdominal obesity and metabolic status on the risk of CVD were tested via multiplicative interaction terms (i.e., abdominal obesity group × metabolic status and waist circumference, modeled as a continuous variable, × metabolic status). To ensure that covariability between abdominal obesity and metabolism was not affecting resulting estimates, analyses of abdominal obesity were stratified by metabolic status and vice versa. The proportional hazards assumption was evaluated by Schoenfeld residuals in all Cox models, and was not violated.
Sensitivity analyses were conducted by assessing the outcomes of fatal and nonfatal events, separately, by assessing outcomes in subgroups articles epidemiology defined by age (45-64 years and ≥65 years) and sex, and using BMI groups (<25 kg/m 2 , 25-29.9 kg/m 2 , and ≥30 kg/m 2 ) in place of abdominal obesity. Sensitivity analyses were also performed excluding events within the first 2 years in an attempt to remove the influence of subclinical disease at baseline on the results, and incorporating cholesterol-lowering medication use into the high-density lipoprotein-cholesterol criterion of the metabolic syndrome definition (n = 637). This lead to an additional 65 people recategorized as having 1-2 components, and 93 people recategorized as having metabolic syndrome. All analyses were conducted using STATA, version 10 (StataCorp, College Station, TX).
resuLts
The average follow-up was 8.3 (s.d. 1.9) years, and over this time there were a total of 1,766 fatal or nonfatal incident CVD events (1,118 CHD events and 648 stroke events). Because two individuals had a CHD event and a stroke simultaneously, the number of events used for the combined CVD analyses was 1,764. Compared to nonobese individuals, those with abdominal obesity were more likely to be 45-64 years of age, women, African Americans, less educated, never smokers, never or former drinkers, to have metabolic syndrome or diabetes, and to have worse levels of metabolic syndrome components ( Table 1) . Compared to individuals without any metabolic syndrome components or diabetes, individuals with the metabolic syndrome or diabetes were older, and more likely to be men, African Americans, never smokers, less educated, never or former drinkers, obese, and to have worse levels of CVD risk factors ( Table 2) .
When abdominal obesity and metabolic categories were considered in combination, three groups of failure curves emerged corresponding to the metabolic categories (0 risk factors, 1-2 components or metabolic syndrome, and diabetes) (Figure 1) .
After adjustment for age, sex, race, education, smoking status, and alcohol intake, abdominal obesity was associated with a 33% increased risk of total CVD (CHD and stroke) in pooled analyses (Table 3) . However, after further adjustment for metabolic status, abdominal obesity was no longer significantly associated with increased risk of CVD. Metabolic syndrome and diabetes were associated with 100-400% increased risk of incident CVD events after initial adjustment for age, sex, race, education, smoking status, and alcohol intake, as well as after further adjustment for abdominal obesity. HRs for CHD and stroke showed similar patterns and effect magnitudes.
In stratified analyses, abdominal obesity was not significantly associated with an increased risk of incident CVD for participants with normal metabolism, metabolic syndrome or diabetes (Figure 2) . However, an association was present between abdominal obesity and increased risk of incident CVD for those with 1-2 metabolic components. Among both nonobese and abdominally obese individuals, participants with 1-2 metabolic components, metabolic syndrome, and diabetes had an increased risk of incident CVD compared to those with normal metabolism. Results were similar when waist circumference was modeled as a continuous variable (data not shown). There was no significant statistical interaction between metabolic status and either abdominal obesity or waist circumference expressed as a continuous variable on the risks of CVD (P = 0.48 and P = 0.49, respectively).
sensitivity analyses
The results were markedly similar after excluding events that occurred within the first 2 years of follow-up (data not shown). Additionally, the associations were also similar when analyses were conducted stratified by sex, age group, and by fatal vs. nonfatal event status, and considering cholesterol-lowering medication use in the metabolic syndrome definition (data articles epidemiology not shown). Finally, all analyses were repeated using BMI categories (normal weight, overweight, obese) rather than waist circumference, and analyses were also similar (data not shown). When analyses were conducted for each of the three studies separately, a significant effect of abdominal obesity on risk for CVD (HR for total CVD events 1.17; 95% confidence interval 1.01-1.37) was present after adjustment for metabolic status in the ARIC study, but not in the CHS or FOS (HR 1.01 (0.87-1.18) and 1.06 (0.73-1.54) respectively) (see Supplementary Table S1 online). However, this difference between studies was not statistically significant, as indicated by a nonsignificant study × abdominal obesity interaction term (P = 0.52). Similar to the pooled analysis, within each of the three studies, abdominal obesity was not statistically significantly associated with increased risk of CVD within metabolic status categories, but 1-2 metabolic components, metabolic syndrome, and diabetes were each associated with incident CVD events among both abdominally obese Supplementary Table S2 online).
dIscussIon
The present analyses of data pooled from three large cohort studies showed that after accounting for metabolic status, abdominal obesity was not associated with a significantly increased risk for CHD or stroke in nearly every case, the one exception being among those with 1-2 metabolic components. However, the presence of metabolic syndrome components, metabolic syndrome, or diabetes were each associated with ~2-5 times increased risk for CHD or stroke over an average follow-up of 8 years, even after accounting for abdominal obesity.
In this study, we assessed the independent effects of abdominal obesity and metabolism by two different methods. After statistical adjustment for metabolic status, abdominal obesity was not associated with a statistically significantly increased risk for CVD. Similarly, stratified analyses of the association between abdominal obesity and CVD within metabolic status Figure 2 Forest plot of pooled adjusted a hazard ratios (95% confidence intervals) for incident CVD events associated with metabolic status stratified by abdominal obesity (top) and associated with abdominal obesity stratified by metabolic status (bottom). CVD, cardiovascular disease. a Adjusted for age, sex, race, education, smoking status, and alcohol intake. articles epidemiology group showed that abdominal obesity was not significantly associated with CVD among those with 0 components, metabolic syndrome, or diabetes. However, those with 1-2 metabolic syndrome components had an increased risk for CVD associated with abdominal obesity that was statistically significant. Although this latter result raises the possibility that abdominal obesity may increase the risk of CVD independent of metabolic abnormalities, this increased risk was modest (HR 1.17) compared with the increased risk associated with varying degrees of metabolic abnormalities (HRs ranging from 1.97 to 4.61), and was not found among those with 0 components, metabolic syndrome, or diabetes. Figure 2 presents a striking visual illustration of the strong risks of CVD associated with metabolic abnormalities compared with the lack of an association between abdominal obesity and CVD. Therefore, these analyses support previous studies showing that the risk of CVD commonly associated with obesity is largely driven by concomitant metabolic abnormalities (2, 3, (6) (7) (8) .
Risk of CVD associated with abdominal obesity within metabolic status grouping
The current results contradict some prior studies which have suggested the possibility that metabolic status may modify the obesity-CVD relationship (2, 3) . In the Aerobics Center Longitudinal Study (ACLS), abdominal obesity was associated with incident CVD events over 10-11 years of follow-up among middle-aged men who had hypertension, dyslipidemia, or diabetes but not among those without these factors (2) . Similar results were reported for obesity defined by BMI among middle-aged women in the Women's Health Study (3) . However, in our stratified analyses, the HR for CVD events associated with abdominal obesity was 1.03 among those with metabolic syndrome and 0.94 among those with diabetes, suggesting that even in the presence of multiple metabolic abnormalities or diabetes, abdominal obesity was not significantly associated with elevated risk of CVD. The interaction term (abdominal obesity × metabolic status) was not statistically significant, further confirming the lack of effect modification in this study.
BMI-defined obesity and abdominal obesity have been found to impart significantly increased risk of CVD independent of standard risk factors and diabetes in some studies (9) (10) (11) 13) . Notably, significant associations with obesity appear to be more frequently observed in studies of longer duration, raising the possibility that obesity increases long-term (20) (21) (22) (23) (24) (25) articles epidemiology data). However, all but one of the incident CVD studies with long-term follow-up used statistical adjustment to account for metabolic abnormalities, rather than stratification, and none accounted for the development of cardiometabolic abnormalities across follow-up. Therefore, it remains unclear whether obesity without concomitant metabolic abnormalities is associated with elevated long-term risk of CVD. In stratified analyses, individuals who were abdominally obese but did not have any of the metabolic syndrome components or diabetes were not at significantly increased risk for CHD or stroke over an average follow-up of 8 years compared to similar individuals without obesity. However, stratified analyses also showed that individuals without abdominal obesity had a substantially increased risk for CHD or stroke over 8 years if they possessed metabolic syndrome components or diabetes compared to individuals without these factors. Similar results were found in sensitivity analyses among normal-weight individuals, as defined by BMI. Therefore, in addition to highlighting the need for risk stratification via assessment of metabolic abnormalities among obese individuals, these data suggest that the metabolic syndrome may confer an approximate threefold increase in risk of incident CVD even in normal-weight individuals.
The results of this study must be viewed within the context of its limitations. As indicated previously, measurement protocols were not identical for certain laboratory and questionnaire data across the three studies. However, we analyzed data in two stages and present both study-specific and pooled results. Results were similar for each of the three studies. There were insufficient numbers of African Americans to stratify results by race. The frequency and extent of assessment of body size and metabolic changes across follow-up were not uniform for all three studies and comparable data on physical activity was not available at baseline for each study, and therefore, these could not be taken into account in the statistical analyses. Additionally, in order to maintain sufficient numbers of events in all three studies across the follow-up period, we were limited to 9 years of follow-up. Longer follow-up is needed to examine whether the effect of obesity is more pronounced when risk of CVD is examined over an extended time frame.
However, this study also has a number of strengths. With the large sample size resulting from the pooling of longitudinal databases, substantial numbers of CHD and stroke events occurred, permitting the investigation of the independent risks of CVD associated with obesity and abnormal metabolism in important population subgroups. The large sample size also afforded us the power to assess independence of abdominal obesity from metabolic status via stratification, as well as to formally assess effect modification. Each of the three studies pooled in these analyses followed standardized data collection protocols for measurement of the variables included here-in, and each performed active follow-up for CVD events with formal adjudication of events.
In conclusion, these analyses of individuals from three large, longitudinal population-based studies, suggest that the presence of metabolic abnormalities is a substantially stronger predictor than abdominal obesity of incident CHD and stroke over an average of 8 years. Although abdominal obesity and body size remain important clinical tools for identification of individuals likely to possess metabolic abnormalities, metabolic syndrome and diabetes are considerably more important prognostic indicators of CVD risk. These data underscore the need for close monitoring and treatment of adverse levels of blood pressure, lipids, and glucose even among normal-weight or nonobese individuals.
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